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============

Half-metallic (HM) ferromagnetic (FM) materials (where one spin channel shows a metallic behavior and another one contains an insulating or semiconducting nature, refers to 100% spin polarized)^[@CR1]--[@CR3]^ have been attracted a great interest due to their functional technological applications in spintronics such as colossal magnetoresistance^[@CR4],[@CR5]^ and spin-transfer torque magnetic random access memory^[@CR6]--[@CR8]^. As recently Kumari et al.^[@CR9]^ experimentally observed that perovskite manganite family such as $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$${\text{La}}_{0.7} {\text{Sr}}_{0.3} {\text{MnO}}_3$$\end{document}$ demonstrated the bipolar resistive switching behavior. Similarly, a recent review on two-dimensional spinterfaces and magnetic-interfaces exhibits a wide range of applications in spintronics such magnetic tunnel junctions^[@CR10]^. In this respect, double perovskites $\documentclass[12pt]{minimal}
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                \begin{document}$${\text{BB}}^{\prime} = 3/(4,5,6)\textit{d}$$\end{document}$ transition metals such as $\documentclass[12pt]{minimal}
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                \begin{document}$$\text{B} = \text{Fe}, \text{Cr}, \text{Mn}, \text{Co}$$\end{document}$, and Ni; $\documentclass[12pt]{minimal}
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                \begin{document}$${\text{B}}^{\prime} = \text{Mo}, \text{Re}, \text{Os}$$\end{document}$, and W) have been considered hot candidates because they show a HM ferrimagnetic (FiM) ground state having a relatively high Curie temperature ($\documentclass[12pt]{minimal}
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                \begin{document}$$T_c$$\end{document}$) of 300--420 K^[@CR11]--[@CR16]^. In 1963, the discovery of metallic FiM with a reasonable $\documentclass[12pt]{minimal}
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                \begin{document}$${\text{Sr}}_2 {\text{FeMoO}}_6$$\end{document}$ (SFMO)^[@CR17],[@CR18]^, substantially stimulated the researcher to synthesize or predict new double perovskites with novel magnetic properties.

Among the double perovskite oxides, Cr-based FiM $\documentclass[12pt]{minimal}
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                \begin{document}$${\text{A}}_2 {\text{CrB}}^{\prime} {\text{O}}_6$$\end{document}$ (A = Sr and Ca; $\documentclass[12pt]{minimal}
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                \begin{document}$${\text{B}}^{\prime} = \text{Mo}$$\end{document}$, W, and Re) exhibits potential applications in spintronic devices such as low-field magnetoresistive sensors or magnetic tunnel junctions^[@CR19]^. Usually, $\documentclass[12pt]{minimal}
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                \begin{document}$$\text{S} = 5/2$$\end{document}$) shows strong antiferromagnetic (AFM) coupling with $\documentclass[12pt]{minimal}
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                \begin{document}$$\text{S} = 1/2$$\end{document}$), $\documentclass[12pt]{minimal}
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                \begin{document}$$\text{S} = 1/2$$\end{document}$), and $\documentclass[12pt]{minimal}
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                \begin{document}$$\text{S} = 1/2$$\end{document}$) atoms, which results in FiM state. In this line, HM FiM or FM state having a total magnetic moment of 0.86(0.89) $\documentclass[12pt]{minimal}
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                \begin{document}$$T_C$$\end{document}$ of 635 K is observed in $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$${\text{Sr}}_2 {\text{CrReO}}_6$$\end{document}$ (SCRO)^[@CR12],[@CR20]--[@CR22]^ in contrast to very closely related $\documentclass[12pt]{minimal}
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                \begin{document}$${\text{Ca}}_2 {\text{CrReO}}_6$$\end{document}$, which shows insulating behavior in both experiments^[@CR12],[@CR20]^ and theoretical work^[@CR23]^. It is observed that SCRO contains very high $\documentclass[12pt]{minimal}
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                \begin{document}$$T_C$$\end{document}$ of 400 K^[@CR24],[@CR25]^. However, Krockenberger et al.^[@CR26],[@CR27]^ observed the highest $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$T_C$$\end{document}$ of 725 K with high spin-polarization in $\documentclass[12pt]{minimal}
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                \begin{document}$${\text{Sr}}_2 {\text{CrOsO}}_6$$\end{document}$ and it is established that HM behavior in FiM double perovskite can be changed to insulating behavior. In contrast, the first-principles calculations exhibit the semi-metallic AFM state in the $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$${\text{Sr}}_2 {\text{Cr}} T {\text{O}}_6$$\end{document}$ ($\documentclass[12pt]{minimal}
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                \begin{document}$$T = \text{Os}$$\end{document}$ and Ru) system due to a strong spin-orbit coupling^[@CR28]^. Moreover, a HM and metallic FiM (AFM coupling is favorable between Cr and Re atoms) states are predicted using density functional theory (DFT) calculations in SCRO with magnetic moments of 1.0 and $\documentclass[12pt]{minimal}
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                \begin{document}$$1.28 \, \mu _B$$\end{document}$ with and without spin-orbit coupling, respectively^[@CR29]^. Later on, Majewski et al. experimentally confirmed the FiM state in SCRO at a low temperature of 10 K^[@CR22]^.

It is experimentally^[@CR30]--[@CR37]^ and theoretically^[@CR38]--[@CR45]^ found that strain often has a substantial influence on the electronic and magnetic properties of the systems, when an epitaxially films like $\documentclass[12pt]{minimal}
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                \begin{document}$${\text{LaAlO}}_3$$\end{document}$, SFMO, and $\documentclass[12pt]{minimal}
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                \begin{document}$${\text{SrTiO}}_3$$\end{document}$(MgO) substrate. As, Borges et al.^[@CR30]^ experimentally observed that the magnetic moment in SFMO thin film reduces from its integral value due to strain exerted by substrates on film, which leads a transition from HM FM to FM metallic (FMM) state. Fix et al.^[@CR31]^ experimentally and theoretically determined that HM state in SFMO thin film vanish, when it is grown on the $\documentclass[12pt]{minimal}
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                \begin{document}$${\text{SrTiO}}_3$$\end{document}$ (001) substrate. Moreover, the variation in the structural properties of SFMO thin film with biaxial strain is observed, when it is grown on different substrates such as MgO, $\documentclass[12pt]{minimal}
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                \begin{document}$${\text{SrTiO}}_3$$\end{document}$^[@CR32]^. It is theoretically found that a hydrostatic pressure upto 33-36 GPa on the SFMO, leads the Fe spin state from high to low and results in a transition from HM FiM to non-magnetic semiconductor state^[@CR39]^. However, the system becomes metallic above 45 GPa. Similarly, Lu et al. theoretically predicted a magnetic phase transition in SFMO from FiM to FM for a tensile of $\documentclass[12pt]{minimal}
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                \begin{document}$$\ge + 8\%$$\end{document}$, where Mo spin transform from intermediate-to-low spin state^[@CR41]^. A recent experiment exhibits that SCRO film is showing the semiconducting behavior with energy gap ($\documentclass[12pt]{minimal}
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                \begin{document}$$E_g$$\end{document}$) of 0.21 eV at a very low temperature of 2 K, when grown on the STO (lattice mismatch was only 0.05% between the film and the substrate)^[@CR46]^. This is in contrast to the previous experiments^[@CR12],[@CR20],[@CR21],[@CR47],[@CR48]^, which show HM FiM state. Along with this, a high pressure phase of SCRO has been studied both experimentally and theoretically by Olsen et al.^[@CR49]^. It is found that system shows pseudocubic structure at low pressure, while the tetragonal phase becomes stable at high pressure. Hence, electronic and magnetic behvaior in these compounds is still under debate. Thus, the above mentioned experimental and theoretical facts motivated us to focus on the lesser-explored strained modulated physical properties of SCRO.

In this work, we studied the impact of two types of strains: biaxial and hydrostatic on the electronic and magnetic properties of SCRO employing first-principles DFT calculations. We proposed that by applying a biaxial tensile strain of $\documentclass[12pt]{minimal}
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                \begin{document}$$\ge + 2\%$$\end{document}$, a magnetic transition from HM FiM to HMF state occurs due to Re spin transition from intermediate spin-state to low-spin state. On the other hand, a HM FiM to FMM transition is established for a hydrostatic tensile strain of $\documentclass[12pt]{minimal}
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                \begin{document}$$\ge + 3\%$$\end{document}$ system becomes HMF. This kind of spin flipping has many novel applications in data storage devices, switches, and optical displays^[@CR50]^.Figure 1Schematic representation of the double perovskite structures of $\documentclass[12pt]{minimal}
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                \begin{document}$${\text{Sr}}_2 {\text{CrReO}}_6$$\end{document}$ in (**a**) ferromagnetic (FM), (**b**) ferrimagnetic (FiM), and (**c**) antiferromagnetic (AFM) ordering. The octahedral surroundings of the Cr and Re atoms are visualized in orange and blue colored polyhedron, respectively. (**d**) the top view in the *ab*-plane demonstrating the spin-coupling between Cr-Re ($\documentclass[12pt]{minimal}
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                \begin{document}$${\text{J}}_{12}$$\end{document}$) atoms. The *x*, *y*, and *z*-axes are along the crystallographic *a*, *b*, and *c*-directions, respectively. The *x* and *z*-axis (*a* and *c*-directions) are pointing towards the observer in (**a**, **b**) and (**c**), respectively.

Results and discussion {#Sec2}
======================

Structural details {#Sec3}
------------------

Bulk SCRO crystallizes in a tetragonal symmetry having space group No. 139 (I4/mmm) with experimental lattice constants of *a* = 5.52 and *c* = 7.82 Å^[@CR20]^. The Sr, Cr, Re, O1, and O2 occupied 4*d*(1/2, 0, 1/4), 2*a*(0, 0, 0), 2*b*(0, 0, 1/2), 8*h*(0.249, 0.249, 1/2), and 4*e*(0, 0, 0.254) atomic positions, respectively. The schematic representation of SCRO crystal structures in FM, FiM, and AFM spin ordering are shown in Fig. [1](#Fig1){ref-type="fig"}a--c, respectively. For the case of FM structure, the spins of Cr and Re ions are align in-plane and out-of-plane directions and support with each other (see Fig. [1](#Fig1){ref-type="fig"}a). In FiM spin ordering, Cr and Re atoms are anti-align (see the arrowhead) within both in-plane and out-of-plane directions. However, Cr atoms are ferromagnetically (i.e. parallel to each other) coupled with each other at the diagonal. Similarly, Re atoms also have the same spin magnetization at the diagonal site, see Fig. [1](#Fig1){ref-type="fig"}b. In AFM spin ordering, Cr and Re atoms are anti-align and align for in-plane and out-of-plane directions, respectively. However, the diagonal atoms are showing the AFM coupling with each other, see Fig. [1](#Fig1){ref-type="fig"}c. It is very important to note that in both (FiM and AFM) magnetic ordering, the spin magnitude of Cr is larger than that of Re (compare the magnitude of the arrows in both cases). Along with this, two important couplings $\documentclass[12pt]{minimal}
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                \begin{document}$$J_{12}$$\end{document}$ (indirect coupling between Cr and Cr atoms) in the *ab*-plane also display in Fig. [1](#Fig1){ref-type="fig"}d.

Unstrained system {#Sec4}
-----------------

First, we determined the energetically stable magnetic ordering in SCRO by comparing the total energies of FM, FiM, and AFM states as $\documentclass[12pt]{minimal}
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                \begin{document}$$\Delta E_1/\Delta E_2 = E_{FiM}-E_{FM}/E_{FiM}-E_{AFM}$$\end{document}$. The computed values of $\documentclass[12pt]{minimal}
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                \begin{document}$$T_{C2}$$\end{document}$ 27.9/28.8 and 27.1/34.1 K within GGA and GGA+*U* methods, respectively. The $\documentclass[12pt]{minimal}
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                \begin{document}$$T_C$$\end{document}$ is calculated by using the Eqn. 2 as mention in the recent work of Nair et al.^[@CR51]^. The "−" sign of $\documentclass[12pt]{minimal}
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                \begin{document}$$\Delta E$$\end{document}$ indicates that AFM coupling between diagonal Cr atoms is not favorable and also between Re (i.e. both Cr and Re spins wants to align in the same direction at the diagonal). Moreover, this also shows that Cr and Re spins want to be remain anti-align along the in-plane as well as out-of-plane directions. Therefore, FiM magnetic spin ordering is energetically more stable as compared to FM and AFM structures in both cases. Hence, FiM magnetic structure of SCRO is taken into account for further investigations. The calculated spin-polarized total and orbital resolved partial density of states (TDOS and PDOS) of unstrained (0%) SCRO within stable FiM spin ordering for GGA and GGA+*U* methods are shown in Fig. [2](#Fig2){ref-type="fig"}. From Fig. [2](#Fig2){ref-type="fig"}a, $\documentclass[12pt]{minimal}
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                \begin{document}$${\text{a}}^{\prime} $$\end{document}$, one can see that the system exhibits HM behavior within both GGA and GGA+*U* methods, respectively. Spin minority TDOS are contributing to the metallicity, while majority channel remains insulator in both cases. However, the computed $\documentclass[12pt]{minimal}
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                \begin{document}$$E_g$$\end{document}$ of 2.59 eV in a spin-majority channel with GGA+*U* is much higher than that of 1.01 eV for GGA. Our calculated TDOS are in good agreement with the previously reported theoretical DFT works^[@CR29],[@CR52]--[@CR54]^ and experimental observations^[@CR12],[@CR21],[@CR22]^, where the authors confirm the HM nature of the system.Figure 2Calculated GGA/GGA+*U* spin-polarized (**a**, **a**$\documentclass[12pt]{minimal}
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The calculated total magnetic moment is $\documentclass[12pt]{minimal}
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Next, we investigated the influence of biaxial (along the \[110\]-direction) and hydrostatic strains (along the \[111\]-direction) on the electronic and magnetic properties of SCRO. We modeled the biaxial and hydrostatic strains in the range of $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$-5\%$$\end{document}$ to $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$+5\%$$\end{document}$ by tunning the lattice parameters in the *ab*-plane and along the three axis (*x*, *y*, *z*), respectively. The "−" and "$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$+$$\end{document}$" signs indicate compressive and tensile strains, respectively.Figure 4Calculated GGA/GGA+*U* spin-polarized total density of states (TDOS) of $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$${\text{Sr}}_2 {\text{CrReO}}_6$$\end{document}$ for (**a**, **a**$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$^{\prime} $$\end{document}$) $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$+1\%$$\end{document}$, (**b**, **b**$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$^{\prime} $$\end{document}$) $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$+2\%$$\end{document}$, (**c**, **c**$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$^{\prime} $$\end{document}$) $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$+3\%$$\end{document}$, (**d**, **d**$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$^{\prime} $$\end{document}$) $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$+4\%$$\end{document}$, and (**e**, **e**$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$^{\prime} $$\end{document}$) $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$+5\%$$\end{document}$ hydrostatic tensile strains along \[111\]-direction.Figure 5Calculated GGA and GGA+*U* energy band gap ($\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$E_g$$\end{document}$) in the spin-majority/minority channel of $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$${\text{Sr}}_2 {\text{CrReO}}_6$$\end{document}$ as a function of (**a**) biaxial \[110\] and (**b**) hydrostatic \[111\] strains.Figure 6Calculated GGA+*U* spin-polarized orbital resolved partial density of states (PDOS) of Cr/Re 3/5*d* in $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$${\text{Sr}}_2 {\text{CrReO}}_6$$\end{document}$ for (**a**, **a**$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$^{\prime} $$\end{document}$) biaxial $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$+2\%$$\end{document}$ and hydrostatics (**b**, **b**$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$^{\prime} $$\end{document}$) $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$+2\%$$\end{document}$ and (**c**, **c**$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$^{\prime} $$\end{document}$) $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$+3\%$$\end{document}$ tensile strains.

Strained systems {#Sec5}
----------------

### Structure stability {#Sec6}

First, we examined the structural stability of the unstrained and strained SCRO systems in a FiM spin ordering by calculating the enthalpies of formation ($\documentclass[12pt]{minimal}
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Electronic properties {#Sec7}
---------------------
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Magnetic properties {#Sec8}
-------------------

Next, we examined the strain-induced changes of the magnetic moments in the SCRO system. The computed total and partial magnetic moments on the Cr/Re ions as a function of biaxial strains are plotted in Fig. [7](#Fig7){ref-type="fig"}. In the case of GGA, one can clearly see that Cr and Re magnetic moments are slight decreases from 2.09 to $\documentclass[12pt]{minimal}
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Octahedra distortion {#Sec9}
--------------------

The moment variations with strain can be understood from the structural distortion of the $\documentclass[12pt]{minimal}
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Conclusion {#Sec10}
==========

In summary, the electronic and magnetic properties of unstrained and strained (biaxial and hydrostatic) $\documentclass[12pt]{minimal}
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Computational methods {#Sec11}
=====================

Full-potential linearized augmented plane wave method of spin-polarized DFT as implemented in the WIEN2K code^[@CR56]^ is used. The generalized gradient approximation (GGA), which is parameterized by Perdew-Burke-Ernzerhof (PBE)^[@CR57]^ plus on-site Coulomb interaction (GGA+*U*) approach was employed with *U* = 3.5 and 2.4 eV for Cr 3*d* and Re 5*d* states, respectively^[@CR58]^. For the wave function expansion inside the atomic spheres, a maximum value of $\documentclass[12pt]{minimal}
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